Objective: This study aims to determine the risk factors and to predict the occurrence of cerebral infarction in patients with carotid artery stenosis. specificity of 69.2% (95% CI: 52.4%-83.0%). Prediction probability was determined while logistic regression score >0.748 defaulted as high-risk status. High-risk ratios were 80% in progressive cerebral infarction and 72% in nonprogressive cerebral infarction (P > .05), respectively, while significant differences were found when both compared with controls (P < .001).
triacylglycerols, cholesterols, sphingolipids, phospholipids, and glycolipids. Lipid metabolism is the process of degradation and synthesis of lipids that make energy and produce structural or functional small molecules. Abnormal lipid metabolism frequently appears in a variety of vascular diseases which cause severe adverse outcomes or even prove fatal. Atherosclerosis is the most common risk factor in ischemic cerebral infarction, and abnormal lipid metabolism is closely associated with atherosclerosis. 3 Apolipoprotein AI (apo AI) is the main carrier protein of high-density lipoprotein (HDL) that generally plays a key role for lowering blood lipid. A recent study reported that apo AI showed a lower level in patients with cerebral infarction compared with controls or even hemorrhagic stroke. 4 HDL is usually recognized as a negative risk factor for cerebral infarction. HDL particles from stroke patients tend to have a larger volume, which contain significantly less apo AI. Low-density lipoprotein (LDL) can transport various lipid molecules, such as cholesterol, phospholipids, and triglycerides into endothelium, attracting macrophages and triggering atherosclerosis. Thus, high level of LDL is strongly associated with the increasing incidence of atherosclerosis. Lipoprotein (a) (Lp(a)) is a cholesterol-rich plasma lipoprotein that is similar to LDL including its roles. Many studies have shown that the elevation of Lp(a) is an important clue for the incidence of atherosclerosis and also the independent risk factor of cerebral infarction. 6 Furthermore, serum Lp(a) from patients with cerebral infarction showed significantly higher level than those with cerebral hemorrhage. 7 A previous study demonstrated that Lp(a) is associated with the incidence of some asymptomatic cerebral infarctions. 8 Therefore, changes in blood lipid and lipoprotein levels are key events for the incidence of cerebrovascular diseases. The detection of relevant indices in aging population may benefit its early diagnosis and treatments.
Blood rheology is a discipline dedicated to evaluating the macroscopic blood flow properties that have been applied in the monitoring of cerebrovascular diseases. On account of the high incidence of vascular endothelial cell damage 9 and the decrease in fibrinolytic activity, the abnormal blood rheology plays an important role in the onset and progression of cerebral infarction. Blood components including red blood cell (RBC), platelet (PLT), and fibrinogen (FIB) and their interactions contribute to the determination of the whole blood viscosity.
Increased level of blood viscosity, one of the major indices in blood rheology, serves as a risk factor for cerebrovascular events. [10] [11] [12] In this study, we identified the risk factors and established a predictive model for the early diagnosis of cerebral infarction in patients with carotid artery stenosis to improve its prevention and treatments.
| MATERIALS AND METHODS

| Study population
Two hundred and one patients with carotid artery stenosis (stenosis degree ≥30% but not carotid occlusion) in Jinshan Branch of Shanghai 6th People's Hospital were enrolled in the study. One hundred and fifteen patients suffered from cerebral infarction, of which 45 cases with progressive cerebral infarction. Eighty-six noncerebral infarction patients with matched ages and related basic diseases during the same time period were collected as controls. Inclusion criteria of the cerebral infarction group were as follows: (1) 
| Ethical approval
We have complied with the World Medical Association Declaration 
| Ultrasound examination
Ultrasound examinations were performed on the patients during hos- 
| Clinical laboratory tests
Fasting venous blood sample (4 mL) was collected from the patients in the morning after being admitted in our hospital (before treatment) and the outpatients in the control group, followed by centrifuging at 1200 g for 10 minutes to collect the serum. The isolated serum was SPSS 19 .0 software (SPSS Inc., Chicago, IL) was applied for the statistical analysis. Normally distributed data confirmed by the normality test are presented as mean ± standard deviation. Non-normally distributed data are presented using the median and quartile. Independent t test was used to compare the differences between 2 groups. Analysis of variance or a nonparametric test was used to compare the differences in multiple groups. Chi-square test or exact probability test was adopted for rate comparison. Logistic regression analysis was to study diagnosis-related factors in the study. P < .05 was considered to be a significant difference.
| Statistical analysis
| RESULTS
| General information about the included patients
The mean ages of the patients in the control group and the cerebral infarction group were 71.86 ± 9.01 and 72.23 ± 9.47 years old, respectively, with no significant difference between the 2 groups (P = .827).
The male-to-female ratios of the control and cerebral infarction groups were 59:27 and 89:26, respectively (P = .162). Hypertension and diabetes mellitus were found in 18 cases (15.6%) and 24 cases (20.8%) in cerebral infarction group, and they emerged in 13 cases (15.1%) and 20 cases (23.6%) in control group, respectively. There was no significant difference between the 2 groups in respect of health risk behaviors (smoking and alcohol drinking) and concurrent diseases including diabetes, hypertension, and pulmonary disease as shown in Table 1 (P > .05).
| Establishment of the diagnostic model for cerebral infarction
Patients with nonprogressive cerebral infarction and progressive cerebral infarction were recruited in the cerebral infarction group, while patients without cerebral infarction were categorized into the control group. Univariate analysis was performed, and the results showed that apo AI, Lp(a), RBC deformity index, RBC rigidity index, corrected whole blood viscosity (WBV) at high shear rate, and whole blood shear rate (WBSR) at 200 s were significantly different between the 2 groups (P < .05). There was no significant difference between the groups concerning fasting glucose, coagulation indices, apo B, HDL-C, LDL-C, TC, TG, and ESR, nor in other hemodynamic parameters (P > .05).
Multivariate logistic regression analysis showed significant differences (Table 2) .
Subsequently, based on the results of logistic regression analysis, the diagnostic model equation for the cerebral infarction was proposed to calculate the predictive probability of each patient.
| Accuracy analysis of the regression model in the diagnosis of cerebral infarction
The receiver operating characteristic (ROC) curves of the regression model and independent indexes were drawn for the predic- 77.9%-97.4%) ( Table 3) .
| Role of the regression model in distinguishing cerebral infarction and progressive cerebral infarction
According to the positive cutoff values of the above indicators, the high-risk ratio of each patient at different stages of cerebral infarction was calculated. Among them, the high-risk ratio of the patients with nonprogressive cerebral infarction (72%) was lower than that of the patients with progressive cerebral infarction (80%), but there was no significant difference (P > .05); however, the high-risk ratios of these 2 groups were much higher than the control group (30.8%) (P < .05).
Although apo AI exhibited the highest positive rates and Lp(a) the lowest positive rates among the 4 groups, LR score manifested the largest gap between progressive or nonprogressive cerebral infarction and 
| DISCUSSION
Circulating lipid and lipoproteins are extensively employed for prediction of the occurrence, development, and even transformation of cerebral infarction. 15, 16 In this study, the univariate analysis showed no significant difference concerning HDL and LDL between cerebral infarction and the control group, implying that apo AI and Lp(a) might be T A B L E 3 Accuracy analysis of regression model and 3 indices for the diagnosis of cerebral infarction with diabetes, heart disease, or other vascular disease) with a significantly lower mortality rate. 17 Moreover, after acute cerebral infarction, low level of LDL-C predicted the increased rate of hemorrhagic transformation. 15 Intriguingly, higher total cholesterol level presages a lower risk of death after acute ischemic stroke. 18 Dependency and recurrence rates were significantly higher in the patients with lower TC (<4.07 mmol/L) than those with higher TC group. 19 These data The results of the multivariate analysis showed that RBC IR could be used as the independent risk factor for predicting the incidence of cerebral infarction. RBC IR is the main factor that affects RBC deformity, which indicates the RBC deformability in whole blood at a high shear state. Notably, hyperlipidemia can increase the area of the RBC membrane, thereby reducing the membrane mobility and RBC deformity to increase RBC IR, 23 undoubtedly leading to the onset of cerebral infarction. It was also reported that hyperlipidemia caused an increase in RBC osmotic fragility and decrease in their membrane elasticity compared with controls in high-fat diet rabbits. 24 Thus, blood rheology indicators could be used as important measurements for patients with cerebral infarction.
Numerous studies on the diagnosis of cerebral infarction have been conducted in recent years, mainly regarding blood coagulation, 25 blood lipid index, 2 blood rheology indices, 26 protein, 27 and cytokines. 28 However, few reports discussed the prediction models of cerebral infarction. In this study, we retrospectively analyzed blood rheology and More researches are required for identifying specific circulating biomarkers.
| CONCLUSION
Apo AI, Lp (a), and RBC IR were risk factors for the occurrence of Among them, the positive rate of LR in patients with nonprogressive cerebral infarction (72%) was lower than the patients with progressive cerebral infarction (80%) to a certain extent, but no significant difference was found between them (P > .05). The positive rates of these 2 groups were much higher than the control (30.8%, P < .05). Among the 4 groups, apo AI presented the highest positive rates and Lp(a) had the lowest positive rates. Compared with the control subjects, the difference of LR scores was the largest in both progressive and nonprogressive cerebral infarction group. *** represents the comparison with the control group (cerebral infarction group vs control group; and progressive cerebral infarction group vs control group, P < .001) 
